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THE SYNTHESIS OF ME?!EYLENECYCLOBUTANE,SPIROP~ANE, AND
...,,

2-MEIHYL-1-BUTENE’TROM PENT~%RITYL TETR&RCMIDE .. .

,.. . . .
,. ByVernon A. EUabey

.-. .. -J.L----

Reduction of pentaeryth&ltyl tetrabromide
in the presence of sodium carbonate and sodium

. . . . _. .=.-
.-,, ... -

.,:.. . --------“----- ...=. .

in ethanol with zinc
iodide was.found to

.

.

.

.

yield rnekhylenecyclo%uta”ne~syfropentane, and’2-m8thyl-l-hutene.
Yields ware 46 percent methylenecyolo%u+n3ns721 peicetit6plrop6ntarie).
and 12.percent 2-methyl-l-buteneo The Deduction”procedure described
offers a method of preparing both methylonecyclobuttie’and splropen,-
tane from the same reaction in yields comparable withid~vi~uaz ‘.
methods ~f”synthesis previously reported.

,. ,.

-.

,, INTRODUCTION’ ‘
,, ..

..-.-, .. .. .,-r.... ~,.----: ........ .,

Pu&ible structures of the products from the-reduction of penta- “’
erythrityl.t@z!abromide in alcohol have’been .>rtiposed-:inseveral ‘
conflicting reports sinoe G@xwaonfirst describ+ the re&tiog in
1896 (refurence 1). Gustavson assumed that the’product of tfie .
reductiionwas vinyltrimetmlene. Zelinsky (reference”Z”&qid’”kogowski
(reference:3),,concludedfrox.theirstudios’that the product was> -
spiropant~eV Philipow (reference 4) proposed that twocmnpotis,’”
methylonecyclobutane and methylcyclobutene, were formod in the
reaction. Bauer and Beach reported (ref.rence 5) that the results
of an electron-diffraction study of the”hlgh-.boilfngpr6duct o?”thq
reduction indicated that .thb.material could not posslbl~!be”splrd-
pentane but was actually methylenecyclobutana. A large quantity of
the reduction product ,waefract,i~ated and by ozonolysts @-oc~nstit-
uents were shown ,tobe prkge~t-,the lower-boiling fractions con- , ,.-..
sisting of 2-methyl-l-butene Wd the higher-boiling frac$zons”

—..

methylcnecyclobutane. (See footnote to reference 5.) .-

Murray and Stevenson (ruferenco 6) reported in 1944 that thti
reduction of pontaerythrityl tetrabromide in molten acetsmide
yielded 2-methyl-l-.butene,methylenecyclobut~e, and a third component,
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believed to be splropenttie;’<R&Wi’ specttio~copicdata lend cred-
.

ulenco b-their report of the ,iqrolation.ofsplropentane. Only a
small quantfty of tho pure apiro c&ound was obtained.

Splropentane might possibly prove to have unusual antiknock
properties i~ the euper.chargedr’cciprocatinginternal-combustion
engine be”muse of itm highly .c”Gtiensedstrtioture~ Consequently, a

. .. -—.

quantity of this hydrocarbon sufficient for engine test~was pre-
pared at tho.Aircr&?t~”f&e’Research Laboratory of the~CA during
January to ~gust 1945. More than 500 grams of spiropentane was
isolated. Part of this material was used for engine testing; the
rest was used for investigating the chemical and physical properties
of this spiro hydrocarbon,

,.-’

.“,” “- DISCUSSION OF THE REACTION
.... ,

Th~ roductlon of pentaerythrityl tetrabromide in acetauide
acoordlng to the procedure of referenoe 6 gave restd.tsocmptiable
with those therein reported. Sublimation of the aoetamide into the
dellvery tubes leading i?romthe reactim flask to the ohilled
receivers proved troublesome in spite of attempts to heat the
delivery tubes and to remove the acetamide by bubbling the effluen~
gases through water.

.—
The ring alosure of pentaerythrityl tetrabromide wi,thoutthe

use of molten acetamlde wae believed to be feasible after a review
was made of’the reduction of 1,3-diohl.o&oprop&nein alcohol with
zinc In-the present-eof sodium wn%mate and sodium iodL5e. The
catalytic influence of iodide”ions on the ring closug?e@
1,3-dichloropropaneled to the belief that the reaction may occur
through-a Grignard-type sjnthesfs (reference). The.formation o?
spiropentane I&ornp.eataerythrityltetrabrcxnidemight be considered

—..

to occur in the pr6&inc6 “ofi~didiitons in an arialogotismanner:”
,“-” .:”,.

Br-CH2.”,CE2-Br I-CH2 /cHZ-x
c + 4 Na+I-~ % + 4 NaBr

Br-CH2’ ‘CH2-Br I-CE2‘ ‘CH2-I

“1-CH2, ,cH2-zn-I * ,I-CH2>:CH2-I
+zzn~

I-CH2 CH2-I — I-zn-c~’”c’’cH2-x

,.,
—. “Cf%y+2ZnI~,.: ...-.-.: “ -*’ -- ~&9#%cH9 . .

.:- . ..-. . - <:—+. -—-—=!——..
.

. . ..

-.
.

- ——— .——. . . . . —~

.. 3. .—- +=

----- ::. -
-, : “.’=

.... . ...... . .. -
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Unlike the Grignard reaction the reduction of the halide appears to
require a ready &Jpply of iodide ions even after the reaotion has

—

once been started (referenoe 7). Sodium carbonate or acetamide
conveniently reacts with zinc iodide to continuously.regenerate the
cakalye$.

.-
..

The formatio~ of methylenecyclobutane from the reduction of ‘
pentaerythrityl tetrabromlde occursj a@ording to hgold (&efe.r-
ence 8)Y through the followigg rearrangement: .’.

Br-CH2 ,CH2-Br CH2\ ,,CH2-Br CH2\c+CH2~#c.Br CH2—C=CH2
\c ~lc l~t I ~1 I

Br-C~” \C~-Br C~;:.?C~-Br C~L\C~,,..Br c~-c~

PUIUHCATION OF PRODUCTS AND DIhXRKNATION OF PHYSICAL CON7%MNTS

The reduction products were fractionated in all cases through a“

22-millimeter glass column, 7 feet in length, packed with ~-inch

single-turn glass helices. ‘l@ column was rated at 100 theoretical
plates at total reflux with methylcyclohexane - n-hep”tanetest
mixture.

Eractjo,nationof the products frog the reduction in molten - _.
acetemide,and.in ethanol yielded data showing the relation-between
index of refraction and percentage hydrticarbbnrecovered. Typioal
curves are shown in .f,igures.1.tid2. Yiqlds’of the indi~idual ‘-”
hydrocarbons werb’estimated fr~ the fract<otil-distillation.data.

.,

me p~e ~drocarbons were obtained in the following manner:
Distillate from the first fractio~tion was oombined Into three cuts,

(1) fractions having ~c~ndex of:refraction-.below_n~O 1.4100;

(2) fractions from n~” 1.4100 to n~” 1.4150; and (3) fractions

20 1.4150,above .pD .~oh of.these,$hree cuts was fractiofi%ed to

obtain a sharper separation.‘Finally, material of constant index
of refraction was combined and refractionated at a reflux ratio of

● 200:1 to obtain the pure .hydrocarb,onq.In addition to the previousl~
described procedure, splropentane”was treated with bromine as in
reference .6.@ fractionated over:sodium metal, “:” -‘- - ‘

m ,., ,.,
,.
T3me-t&p6rat@ ~ri?z~~”cu$~es (figs. 3, 4, a~d”5) were

..-.-

obtaine~’for the pwest and “the.engine’stiples of methyl~n[cyclo- ‘“

butane and spiropentane, and the purest sample of 2-methyl-l-butene,
—

respectively, according t? the procedure of reference 9. Boiling,., .: .,’
.-
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points w9*e..tiO&yninOi.at75!?1‘&d 760.&Lil~eters of u39~curyin a
CottrelI tipQ&ratusas @@ified.by Willard and Crabtroe.(ref’er-
ence M). NIL t~pqrat&~.W0asur9m@nts were made with.8 NBS- ●

calibrated platinum r@istmqnce thermometer, Indices of refraction
. —.

were dc;tetiinedwith a precision-type refractometer themuoatatlcally
controlled to 20°40.10 C. Densities ,weremeasyred a_ti20°C>y use-..-..
of a 5-,~”fl~i~ite~”py@ntie*gr. ““ ‘“ ,- . .,
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A~~@p~~i&ofi.&””th& product&L’’#’r&n,th&-””&~uCtl~&o~l”~&t& -
.. . ..=

erythri~l t.etirabrc&d4‘inacetamide ani in-et~ol ip..p.huynin.
table 1; ThOSe data”inc!liciitethat the reduction ~th z~c in
ethanol,in the presence of sodium carbonate and sodium iodide
yields apiropentaneln amounts comparable with thoee,obtalned by
the molten-acetemide reduction method, .!!hg_reduct$.gnin e_t.@_nol _- ----..-—_
in the presence of tiodiqmiod~de’~d sodl.um.carbonate&leo yi.eld~
methylenecyclobutane in amount%mmmpwmblewlth those prev~Bly
obtained by reducing the-bromide In methanql (reference@ 5 @ 6). , , ,.

2.=..!..17.-..+:>.~~:.t,- .,L<,-“..
Phy&~cal const&ts “ofthe”pur; &&~carbons and the material

!.k -::

used for engine testing are compared in table II with phyeioal
constants of metlqvleneoyclobutane,spirapentanej and 2-methy171- #
butenepreviou~~y reported in references 6, 11, 12, and 13, The
freezing point of”’thoengine semple of methylenecyclobutane was
found to-lie0“.06°~higher than thti“freez>~ $x@ti.Of..apParentl~ “.
identical material li&r eyhtht?sizedand purified. (See fig;”3.)
The.material later synthesized gave.freezing points as,high as
-134.50’~C, but these values were rejected he~u~e of t~ non.
equilib:rlumnature of the time-tem eraturs freezing ourms,
ltreezingpoints as high as $-106,96 C wgrg ~b~aingd fgr 6plro-
pentane, but,theee values were also rejuctti-because of the non-.
oquillb;rlumnature of the freezing cur.vos:. .:., . ..

..~...- :--...-**., .. ”.= ,-.......=----,:-..-.-—.. ....-. ....----.. ., ..=
,~..... .------

.“I!t@l&IMENT& “DtiAfiSr”‘ “’”‘“”” -{“ ‘ “’ .‘- ....
. .—”. -.”.

The]-”mwthodsdeecrib~d’a~e tfiioal-of ~he proo&urea:=us&-.
.-.

The penta~rythrltyl tetrabromide was prepared In four runs, and
?

the reduction was ccmpleted in nine rune of which thoso listed in
table I are typical. .

perltaerythrityl”%trabromide, -——
refer~~e 14 was f’ollo,wed,

k ...”..:—...-=.-.-— .,..: , --”-------
..”.

. .
●

✎
✎

T“h~-procod~&”descr~b&i“in “-” - “-
a“ ,

-.

_._. ,_.~. .- r“r..-: -.,= .m. . ,.

+ — _-”-zV!—_:_— .— ~ .-

!? - >,-> ‘r? e+??-.. — ..------
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,.. - ,.. -A 12-Iit& t&ee~n&c&ddp~~a~~ f”wa&e~qip~ed””w~kh-a 5b0-milliliter
drbppi~”fii-hn&~”~”a“th@m6&t6~,, a@,.an ai~ ,c@l&@ lead$n& h) an

- aeptrator-tjpeigab “tia~.,=%n%y-rnsies S? cr~etallinq pentaerythritol
(2720 grtiq) ’wasa&i’&di“nto,t~e.f~@8&.~heatq~:.tb @“.c in..anoil
bath.““FSrty rnO~GS’(10)83U’”&:~6j-of phosphorus .tribromi~~WEM added
t’othe pentaeiythr~tbl &t”su9h &.-Katet~t,thetemperature of.~he
reaction mixture’never %xc.6&3&-11”00C. The addition of phosphorus
tribrom}de required about-~idays. . .;.!..,.,,;.... i.’., -..,, .—.~, .-..

,-, !----,-----,~. -..-,. .. .,.. ,-- -.
,. After fhe addition of pbospl&u.~ ,tribrc@de was completed; the
temperattire’of’’the”reaotionrni~tutiewas &@”u&lly rai8,~ over a
periti of4’ days,’to’175°:C),during which”-time-thecolor Qf’!themiX-
ture chhnged from dark %ti~ to.brillian’toragge. The re,actents
were kept at 175° C for 24 hburs, then poured into a glass battery
Jar containing 12 liters of vigorously stirred ice water. The water
was decanted and the solid product washed successively with-four

two 4-liter portions @’.Gthnol.4-liter portions ,ofhot watqr and ._
The impure oran&e peritaer~ityi t“etrabrtiide.was,.transferredto a
large Btichnerfunnel and the alcah~l remo~ed. After air-drying on a -
metal tray for 24 hours} the crude product was exhaustively extracted
with acetone in a 5-liter Soxhlet extractor to separate the product
from the phosphorus impurities. The purified pentaerythrityl tetra-
bromide was recovered by chilling the acetone and f,ilte.ringthe white
crystals-on a Biichher”funnel”. . .

,.

The yield of pentaerythrityl tetrabromide was 15..6.moles. .
(6082 grams) or 78 percent of the theoretical amdhit”. ~

Reduction of pentaerythrityl tetrabromide “ine~hanol. - T%e”
—.

apparatus used in the reduction is shown in figure 6. ... . . .,“

Into a S-1iter three-necked’’flaskWere @trod~cod,~5~ milli~_
liters.of absblute ethanol, 875 mill~li~r$ of w&ter, 20 moles ‘“
(1300 grams) of zinc dust,-5 moles (530 grams) of sodium cmbonate,
and 0.83 mole (125 grams) of sodium iodide. After tho mixture was
heated to refluxi~ tomporaturej 5 moles (1940 gr&ms).of solid
pentaerythrityl tetrabromide was added in small portions from a
solid-addition flask, Each addition of the tetrabr&ide caused
frothing of the reaction mixture and flooding in the,reflux con-
denser, As the “frothingsubsided,.moro tetrabrtiide was.added, the
total addition timo being about 4 hours. The react:onqdxture was
vigorously stirred during the entiz% r~actton p&iod to prohibit the
zinc dust from caking on tho walls and bottom of th? reaction flask.

,.
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~-~er the-_r~actlonrn}gt_~e_wEe.~eq~@_f~til .&our to ramove the
-.

_.. —
la~lt”tiracesof hydrocarbon, the product was pawed from th~ohilled
receivers into 2 liters of cold water contained in-a”6-llt@r sep-
ara.tor~”fur!!elto remove any aloohol that had distillsd over with
the”hyi!rocarbons.A si@.ficant amount of vaporization of low-
boll~ &terlal accogpanled:-thewaehing operation. The remaining
prcduct-wai dried av~r oalci~ eU&zG~0L@=~~&c~9?.te~e . ..... ...—-~-m---- . .- ---- -. -..+---------.-.,-

The yield of’hyd~ocarbon prodjcte”was 4:48 moles (305 grams)
or 90 percent of the theoreti~al.amount, The ccunpositlonof’the
product, eathated frcm fractional-diatfllationdata, was 53—pw’-
cent met@hneoyLc_lobu.t~&eU...22.perc”mtepiropentane, and 13 percent
2-mSt@l--l-tiut&ie.A“sma”ll--smc.nintof’unidentifiedmaterial boiling
fzxxu19,S0 to 27° C wqg also ob~aingd. .

.“---- ..:, .;”...- ,. .. ..
.’.... . .....4 . ..
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TABLE I - CCWMRISON OF HKIIXJCfSFROM TEE KECUCI?ION (IFFEIWXERYTHIUTYL

TETRABROMIDN IN AOEIYWDE AND IN EI?EANOL

Moles of reactants

I
‘Total yieldof Yield of Individual hydrocarbon h the mixture

Penta- Zinc sodium Sodium hydrwmbona Methylene-

Reduction eryth- aust m-
Spiropemtane

2-liethyl-

‘dde (grms~ cyclobutane l-butene

i301vent rityl bonat e

tetra- !cent) (grams) (pe& (m~s) {per- (Srema) ‘(~r-

brmoide cent) I cent ) cent )

Acetamide 2!7 2.5 \ 0.25 ! 60 44 18 13 ; 23 17

1 6 1.2 ! .16 I 35 51 3 4 15 22 ;.5 1;

Ethanol 5 * 20
r

G I $:3 ~ % : G% E

13

10 48

~lg.~j:-~ r39

JIX ;: 11

5 146 43 To 21 I 40 12

5 . I 149 44 ’76 22 I 40 12

National Aciviaory Committee

for Aeronaut ica

m
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TABLE 11- PHYSICAL CONSTANTS OF ~BUIAKE, sPIRoPmANE, m 2-Ml?IHYL-l-BuTENE

t
Source of 1F!reezing Boiling point lIndex of Density at

compound Conatantw point Oc

(Oc) 755 mm ’760 ~ P%’””

200,

i%
(0.wa/rnl)

Methylene- Reference 11 ‘ a41 .39----- ”.- : ------- 1.4210 j 0:%
cyclobutane NACA pure ample -134.68

IVACA engine amp

1 42.02 :.g , ~;.:427
10 .-134.62 ,---------- . . .7399

S?iropentane, Reference 6 ------ -- a36.3-38.5 -----.39 ~3 1.4117 0.755

NACA pure sample ‘-107.O5 30.84 , 1.41220 .7551

NACA erwine sample -107.28 3s.81 39.01 %4121 .7552

2-Methyl- Reference 12 ‘---- ---- C31 .05 ..---.” 1.3777 0.6504
l-butene Reference 13 -137.560 ---------- 31.10 1.3778 .6s04

MACA pure ample ,-137.50 30.93 31.12 1.37781 .6504

a750 mm premmre..
%ith Abbe’refractouder; other E4CA values taken uith precision-type refractometer.

%resaure not given.

Nhtional Advisory (kmmittee

for Aeronautics

(0

1
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Figure 1. - Composition of product from the reduction of pentaerytmityl tet~bromide in molten

acetamide in the presence of sodium carbonate and sodium lodlde.
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‘ Figure 2. - Composition of product from the reduction of pentaerythrityl tetre~mlde in ●thanol
i:, in the presence of scuilum carbonate and Bodium iodide.
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A Addition flask for introducing sol id penteerythrityl tetrabromide”.”
.-.,,..

B Condenser. Temperature of cooling water: 500 c.
C Com.denser. Temperature of cool!ng wster: 100 c.

*

●

✎✎ ✎✎

0 Heating n~ntle. -
E Oewar flesks containin9 solid C02 - $CetoneCOolin9~jxture.

Figure 6. - Apparatus for reduction of pentaerythrityl
tetrabromide in ethanol.
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